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(54) [Title of the Invention] 

High visible Heat Ray Reflecting Laminate 

(57) [Abstract] 

[Purpose] To provide a laminate which reflects near infrared 
ray in high efficiency without reducing the transmissivity of 
visible light and has a high visible transmitting and heat ray 
reflecting function. 

[Constitution] A heat ray reflecting laminate which reflects 
near-infrared ray in a wide range and has a high visible light 
transmissivity is obtained by laminating a transparent substrate 
coated with a reflection increasing film for reflecting heat rays 
in a broadband where visible light is not reflected and a wave- 
length filter made of a cholesteric liquid crystal for reflecting 
near-infrared rays of a wavelength range where the short-wavelength 
side of reflection region does not overlap with the visible region 
at a sharp wavelength selectivity. 
/2 [Claims] 

[Claim 1] A laminate which comprises a transparent substrate 
applied with a thin-film coating for reflecting near infrared rays 
in a broadband and a wavelength filter made of cholesteric liquid 



^Numbers in the margin indicate pagination in the foreign text. 
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crystal having a sharp wavelength selective reflection in the near 
infrared ray area. 

[Claim 2] The laminate described in Claim 1 wherein said 
transparent substrate is one selected from an inorganic glass, an 
organic glass and a plastic film. 

[Claim 3] The laminate described in Claim 2 wherein said orga- 
nic glass is a film or a sheet made of acryl, polyester or polycar- 
bonate . 

[Claim 4] The laminate described in Claim 1 wherein said cho- 
lesteric liquid crystal is a cholesterol derivative monomer with an 
additive polymerizable group. 

[Claim 5] The laminate described in Claim 1 wherein said 
cholesteric liquid crystal is a high molecular cholesteric liquid 
crystal . 

[Claim 6] The laminate described in Claim 1 wherein said wave- 
length filter is a polymer film with an immobilized spiral pitch of 
said cholesteric liquid crystal. 

[Claim 7] The laminate described in Claim 1 wherein said wave- 
length filter is a polymer film in which a cholesteric derivative 
monomer having an additive polymerizable group are immobilized by 
photopolymerization . 

[Claim 8] The laminate described in Claim 1 wherein said wave- 
length filter is a filter given by laminating polymer films in 
which cholesteric liquid crystals having a right-handed spiral axis 
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and a left-handed spiral axis are immobilized, respectively. 

[Claim 9] The laminate described in Claim 1 wherein said fil- 
ter is a filter given by inserting a A/2 sheet between two films 
in which cholesteric liquid crystals having a right-handed spiral 
axis and a left-handed spiral axis are immobilized. 

[Detailed Description of the Invention] 
[0001] 

[Field of Industrial Application] This invention relates to a 
laminate having a so-called high visible heat ray reflecting func- 
tion for reflecting infrared rays (heat rays) in good efficiency 
and transmitting visible light in good efficiency. 

[0002] 

[Prior Art] Heat ray reflecting glasses are glasses which 
transmit visible light and possess a function of reflecting near 
infrared rays and have been used as window glasses for buildings or 
houses. The use of these heat ray reflecting glasses enable to 
shield infrared rays which occupy about one half of radiation 
energy coming from the sun to the earth surface and intake only 
visible light to reduce the cooling load. 

[0003] The heat ray reflecting glasses are classified as a 
reflection increasing film type and an interference filter type. 
The reflection increasing film type can be manufactured more easily 
by a thermolysis process (spray, CVD) , a vacuum process (deposi- 
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tion, sputtering), a plating process, etc. and thus practicalized. 
The heat ray reflecting glasses manufactured by such processes have 
a high reflectivity in a broadband with near infrared rays as cen- 
ter and enables to sharply shield heat rays of the sunlight- On the 
other hand, these glasses also reflect a part of visible light, 
colorates it and reduces the transmissivity of visible light as a 
whole because a part of reflection wavelength region comes to the 
visible light. 

[0004] The interference filter type utilizes the interference 
of light of a multilayer thin film and is made by overlapping 
several or several dozen layers with a high refractive index and a 
low high refractive index. In this case, the layers with various 
refractive indices must be laminated into multiple layers, more 
accurate film thickness control is required for the layers and its 
industrialization is rather difficult. 

[0005] 

[Problem to Be Solved by the Invention] The above conventional 
heat ray reflecting glass had such problems that it could not be 
used for purposes requiring a high transmissivity for visible 
light, if the transmissivity of visible light was increased, the 
transmissivity of near infrared rays is also increased, thus the 
heat ray reflecting function was reduced. The purpose of this 
invention consists in providing a laminate which reflects the near 
infrared rays in good efficiency without decreasing the transmissi- 
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vity of visible light and has a high visible heat ray reflecting 
function . 

[0006] 

[Means for Solving the Problem] This invention is to achieve 
the above purpose. Namely, this invention is a laminate which 
reflects near infrared rays in a wide range and has a high visible 
light transmissivity obtained by laminating a transparent substrate 
coated with a reflection increasing film for reflecting broadband 
heat rays in a range where visible light is not reflected and a 
wavelength filter for reflecting near infrared rays of a wavelength 
range where the short-wavelength side of reflection region does not 
overlap with the visible region at a sharp wavelength selectivity. 

[0007] This invention is described in detail below. In this 
specification, visible light or visible region means a wave band 
from about 400 nm to about 750 nm, and near infrared rays or near 
infrared region means a wave band from about 750 nm to about 2000 
nm. A high visible or a high visible light transmission means that 
the transmissivity in said visible region is about 70% or above. 

[0008] The reflection increasing film is so prepared that it 
reflects the near infrared region in a broadband and has a high 
transmissivity to the visible region by such processes as thermo- 
lysis process, vacuum process, plating process, etc. being conven- 
tional techniques. As the processes, for example, a process wherein 
a tin-doped indium oxide layer is heat-treated under an atmosphere 



5 



with a controlled oxygen partial pressure as shown in Japan Tokkyo 
57-24524 can be given. As the wavelength filter, a filter which 
reflects the near infrared rays of a wavelength range where the 
short-wavelength side of a reflection area does not overlap with 
the visible region at a sharp wavelength selectivity. Namely^ a 
wavelength filter which can reflect the near infrared rays of a 
range where they cannot be fully reflected by the above reflection 
increasing film. The inventors discovered that a cholesteric liquid 
crystal is effective for the wavelength filter having such an opti- 
cal characterisitc . Optical filters using a cholesteric liquid cry- 
stal are well known in Japan Kokai 60-191203, Japan Kokai 62-136602 
or Japan Kokai 02-186301, etc., and these optical filters can be 
used in this invention. 

[0009] It has been well known before that cholesteric liquid 
crystals exhibit a selective light reflecting property. This rela- 
tionship among the specific reflection wavelength (Aq) , the spiral 
pitch (P) of cholesteric liquid crystal, the average refractive 
index (n) and the incidence angle of light to the spiral axis of 
cholesteric liquid crystal is expressed by the following equation. 

Xq P-n-cos9 

Accordingly, a wavelength filter having a specific reflection wave- 
length (Aq) in the near infrared region, especially about 75 nm - 
/3 

about 1000 nm by selecting the spiral pitch (P) and the average 
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refractive index (n) of cholesteric liquid crystal. Moreover, the 
specific reflection wavelength (Xq) has a spectral distribution 
because distributions exist in the degree of orientation of spiral 
axis and the spiral pitch, etc. 

[0010] This spiral pitch of cholesteric liquid crystal changes 
with external factors such as temperature, light, electric field, 
magnetic field, etc., but cholesteric liquid crystal polymer 
composites in which a cholesteric liquid crystal is immobilized on 
the polymer have been known (e.g., Japan Kokai 56-139506), thus the 
reflection wavelength can be immobilized to a predetermined 
wavelength. Only a right-handed or left-handed circular polarized 
component of said specific reflection wavelength can be reflected 
alone by one piece of cholesteric liquid crystal film, but it can 
be made into a total-reflection type filter by overlapping two cho- 
lesteric films with different directions of spiral axis or insert- 
ing a A/2 sheet between two cholesteric films with same direction 
of spiral axis . 

[0011] This right-handed or left-handed direction of the 
spiral pitches (P) and spiral axes can be adjusted by liquid cry- 
stal material, liquid crystal or their temperature, concentration, 
etc. during the preparation . Polymer films or their laminated films, 
in which a cholesteric liquid crystal having an immobilized right- 
handed or left-handed spiral axis with the near infrared rays as 
the specific reflection wavelength are used in this invention. 
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Either rheotropic liquid crystals or thermotropic liquid crystals 
may be used as the cholesteric liquid crystals usable in this 
invention . 

[0012] As methods of preparing the polymer films using a 
predetermined cholesteric liquid crystal, for example, a film which 
selectively reflects a desirable near infrared ray is obtained by 
adding a photoinitiator and, according to demand, a photoreactive 
polyf unctional monomer, etc. into a cholesterol derivative monomer 
having an additive polymerizable group and then photo-polymerized 
at a given temperature. More specifically, a near-infrared reflect- 
ing film having a half-value breadth of 50 nm at a specific refelc- 
tion wavelength Xq of 950 nm and a reflectivity of about 50% is 
obtained as shown in Japan Kokai 59-109505. A desirable polymer 
film with an immobilized cholesteric structure is obtained by 
quenching from a given hot-melted state in a thermotropic choles- 
teric liquid crystal like a glutamic ester copolymer. A left-handed 
circular polarized light reflection or a right-handed circular 
polarized light reflection film with a specific reflection wave- 
length Xq of 756 nm and a half-value breadth of 30 nm is obtained 
as a specific example by hot-melting a D-mer and/or a L-mer gluta- 
mic ester copolymer at 154°C and then quenching it as described in 
Japan Kokai 62-136602. A film selectively reflecting a desirable 
infrared ray is obtained by dissolution of a high molecular liquid 
crystal taken as a rheotropic cholesteric liquid crystal, e.g., a 
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high molecular liquid crystal with a polypeptide bond in a monomer 
with a photopolymerizable unsaturated group at given concentration 
and temperature and then photopolymerization at a given tempera- 
ture. Because the cholesteric liquid crystal polymer films thus 
obtained in which a specific reflection wavelength is immobilized 
in the near infrared region have a sharp wavelength selectivity 
like Fig. 1, they enable to transmit visible light and reflect a 
part of shortest wavelength of said near infrared region. When the 
reflection wave band of these cholesteric liquid crystal polymer 
films is narrow, two or more cholesteric liquid crystal polymer 
films which reflect different wave bands may be laminated. 

[0013] A transparent substrate with said reflection increasing 
film and a wavelength filter are laminated, as this transparent 
substrate, so-called inorganic glasses such as commonly-used soda- 
lime glass or low-expansion heat-resistant glasses, etc., acryl 
sheet, bisphenol type polycarbonate sheet or diethylene glycol 
bisallyl carbonate polymer, etc. said to be organic glasses, or 
plastic films such as polyester film, etc. can be used; as the 
constitution of laminates, for example, soda-lime glass with reflec- 
tion increasing film/wavelength filter /soda-lime glass, acryl sheet 
with reflection increasing film/wavelength filter /polyethylene 
terephthalate film, soda-lime glass with reflection increasing 
film/wavelength filter, etc. are given, and an intermediate film 
may lie between them, respectively according to demand. Interme- 
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diate films of plasticized polyvinyl butyral, polyurethane or 
ethylene-vinyl acetate copolymer^ etc. are suitably used, e.g., to 
increase bonding strength or shield ultraviolet ray by adding an 
ultraviolet absorbent . 
[0014] 

[Effect of this invention] This invention enables to prepare 
a high visible heat ray reflecting glass having a high visible 
light transmissivity without harming the reflecting function of 
near-infrared rays . 

[0015] 

[Actual Examples] This invention is illustrated in more detail 
by actual examples, but this invention is not limited to these 
actual examples. A laminate of three cholesteric liquid crystal 
polymer films which reflect different wave bands shown in Fig. 1 
and a glass applied with a reflection increasing film having a 
spectral reflectivity shown in Fig. 2 were made into a laminate 
shown in Fig. 3 by using a polyvinyl butyral film. Thereby, a high 
visible heat ray reflecting laminate having a spectral reflectivity 
shown in Fig. 4 was obtained. 

[Brief Description of the Drawings] 

[Fig. 1] shows spectral reflectivity of cholesteric liquid 
crystal used in one actual example of this invention. 

[Fig. 2] shows spectral reflectivity of reflection increasing 
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film used in one actual example of this invention. 

[Fig. 3] is sectional view showing constitution of laminate of 
one actual example of this invention. 

[Fig. 4] shows spectral reflectivity of laminate of one actual 
example of this invention. 

[Description of the Symbols] 
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[Fig. 1] 
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[Fig. 2] 
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